Study objectives-To compare inhospital mortality for acute myocardial infarction (AMI) between metropolitan and nonmetropolitan hospitals after adjustment for patients' severity; to examine the role of the use of eVective cardiac medications in the possible mortality diVerence between these types of hospital. Design-Retrospective cohort study. Setting-47 acute public hospitals in metropolitan and non-metropolitan areas of New South Wales, Australia, taking part in the Acute Cardiac Care Project based on medical record review.
The use of hospital mortality rates to assess hospital performance has been debated for many years. Some authors have suggested that the diVerence in procedures performed in hospitals, as a measure of the quality of care, can be estimated by comparison of hospital death rates. 1 2 However, recent studies 3 4 have recognised the methodological problems of the comparison and emphasised that diVerences in mortality rates are likely to reflect diVerences in patients rather than in the care they receive. 5 To make meaningful comparisons between hospitals, death rates need to be adjusted for severity of illness. Severity adjusted mortality has been viewed as a potentially useful indicator of the quality of care for conditions such as acute myocardial infarction (AMI). 6 For patients with AMI, previous studies have shown that there is considerable variation in mortality between hospital types 7 and between rural and urban hospitals, 8 after adjustment for patients' severity. The diVerence in mortality of patients with AMI treated by cardiologists compared with those treated by general practitioners has also been examined. 9 10 In Australia, where the population density varies markedly across the country, there is considerable variation in access to health services across the country. 11 Dobson et al 12 compared the mortality from AMI between Perth and Newcastle (on the west and east coast respectively), and we have explored the diVerences within one region in the management of AMI. 13 However, little is known about the diVerence in hospital mortality between hospital types. In this study, we used data from the Acute Cardiac Care Project, which examined hospital care and outcomes for AMI in representative public hospitals across the spectrum of care throughout the State of New South Wales to compare inhospital mortality from AMI between metropolitan and nonmetropolitan hospitals. We tested the hypothesis that seven day mortality was diVerent between non-metropolitan and metropolitan hospitals after adjustment for patient severity. We also examined the use of cardiac medications, which might play a part in the possible variation in mortality between the two hospital types.
Methods

DATA SOURCES
We used the data from the Acute Cardiac Care Project that reviewed medical records for patients admitted to 47 NSW public hospitals between 1 February and 30 June 1996, with principal discharge diagnosis code of ICD-9-CM 410 (AMI); 411. 4 The diagnosis of AMI was made by the hospital clinicians, based on symptoms, changes in electrocardiography (ECG) findings and enzyme activities, and coded from the hospital separation data. Mortality information was obtained from the medical record, the computerised hospital separation data and the National Death Index. Mortality at seven days rather than inhospital mortality was taken as a common end point to allow assessment of mortality for patients discharged or transferred. This resulted in 29 patients who died in hospital later than seven days after admission being classified as non-fatal and seven patients being included who died after transfer and would otherwise have been missed. Seven day mortality is thus used as a proxy for inhospital mortality.
To reflect the care received by people living in metropolitan or non-metropolitan catchment areas, we categorised hospitals as metropolitan (including Principal Referral, Major Metropolitan Referral and District Metropolitan) or non-metropolitan (including Major Non-Metropolitan Referral, Large District Non-Metropolitan and Small District NonMetropolitan).
Disease severity was measured by a set of severity variables that were based on reviewing the literature, 15 16 and were selected from the clinical signs and symptoms within 24 hours from admission available from the hospital records. There are two reasons for choosing the 24 hour time period: (1) the patients' severity should be measured if possible before the treatment is provided by the hospital 17 ; and (2) many patients die within 48 hours after admission.
1 However, we believed that some conditions would probably not change over the time of observation, therefore if diabetes was recorded in the data, it was considered present at the time of admission. There were 19 severity variables (including demographic characteristics) selected: age, sex, insurance status, first recorded pulse rate, admission systolic blood pressure, raised jugular venous pressure (JVP), basal crepitations, pulmonary oedema (defined as pulmonary oedema on either clinical or radiological examination), cardiac arrest The survey commands in STATA (StataCorp, 1999, Statistical Software: Release 6.0), especially designed for use with complex survey data, were used to perform the analysis. Hospital type (six levels) was specified as the strata and the individual hospitals were specified as the primary sampling units. Pearson's 2 test was used to test for diVerences in baseline characteristics between patients treated in metropolitan and non-metropolitan hospitals and to identify which factors were associated with seven day mortality. Multivariate analysis was done using the logistic regression survey command, with seven day mortality as the outcome. Model 1 contained hospital type and transferred in status in addition to the 19 demographic/severity variables identified above to measure the diVerence in severity adjusted mortality between metropolitan and non-metropolitan hospitals. To determine whether the use of eVective cardiac medications in hospitals influenced seven day mortality, a second model was developed by adding the treatment variables.
Ninety two observations with missing values were excluded from the logistic regression analyses, which were restricted to 1573 patients.
Results
BASIC CHARACTERISTICS OF THE STUDY PATIENTS
There were 1665 patients treated at the 47 participating hospitals. Table 1 shows basic characteristics of the patients according to hospital location. Patients treated in metropolitan hospitals were older, more likely to have a pulse rate of 110 or more and basal crepitations. Patients in non-metropolitan hospitals were more likely to have been transferred in and had more ST depression on ECG. The use of aspirin, blockers and heparin was greater in metropolitan hospitals than in non-metropolitan hospitals.
SEVEN DAY MORTALITY
The crude mortality rates were 11.0% in metropolitan hospitals and 10.7% in nonmetropolitan hospitals (p=0.893). After adjustment for severity (table 2), the odds of seven day mortality in non-metropolitan hospitals was significantly higher than that in metropolitan hospitals (odds ratio=1.90, 95% CI 1.12, 3.23, p=0.018).
Older age, female sex, low systolic blood pressure, pulmonary oedema, admitted in cardiac arrest, ST increase, suVering a reinfarction within 24 hours and being nonchargeable all predicted a higher seven day mortality. KEY POINTS
x Inhospital mortality after heart attack was 90% higher in hospitals serving nonmetropolitan than metropolitan areas, after adjusting for severity. x The use of eVective medications diVered between hospital type and predicted inhospital mortality. x The inequalities in health outcomes after heart attack associated with living in nonmetropolitan areas may be attributable to diVerences in use of eVective medication.
THE ROLE OF HOSPITAL TREATMENT IN THE DIFFERENCE IN MORTALITY BETWEEN THE METROPOLITAN AND NON-METROPOLITAN
HOSPITALS
The influence of hospital treatment on mortality was assessed by adding the hospital treatment variables into the model (table 3) . The inhospital use of ACE inhibitors, blockers and aspirin were all associated with a reduction in seven day mortality. After their inclusion in the model, there was no significant diVerence in mortality between metropolitan and nonmetropolitan hospitals (odds ratio=1.09, 95% CI 0.64, 2.21, p=0.581).
THE TRANSFERRED IN PATIENTS
Twenty three per cent of the patients admitted into non-metropolitan and 9% of those admitted to metropolitan hospitals had been transferred in from another hospital (p=0.004). Almost all of these patients were transferred from a smaller to a larger hospital within metropolitan and non-metropolitan categories-only 20 of the 95 patients transferred to metropolitan hospitals had come from non-metropolitan hospitals (and all patients transferred to nonmetropolitan hospitals had come from within that category). The 233 transferred in patients were younger, more likely to be male, to have an anterior infarction, to have been admitted in cardiac arrest, to have a lower systolic blood pressure, to have had an admission for AMI in the previous three months, and to be nonchargeable than those admitted directly to the hospital of analysis. The crude mortality was higher than for the patients as a whole among the non-metropolitan transferred in patients at 15.2% and lower among metropolitan transferred in patients at 4.2% (footnote for table 2 shows mortality for non-metropolitan v metropolitan by transfer status). Those transferred to non-metropolitan hospitals were significantly more likely than those transferred to metropolitan hospitals to have ST increase (69% and 47%), ST depression (68% and 44%), cause of admission being chest pain (85% and 59%), and significantly less likely to have been admitted with AMI in the previous three months (3% and 21%), and to have had a previous coronary angiogram (4% and 25%). For the subgroup of patients transferred the odds ratio for seven day mortality for non-metropolitan relative to metropolitan was still marginally significant after adjustment for treatment variables (see footnotes for table 3).
Discussion
Our study found that after adjustment for disease severity, seven day mortality in nonmetropolitan hospitals was higher than in metropolitan hospitals in NSW. The use of cardiac medications is diVerent between the two areas and the mortality diVerence was abolished when adjustment for these medications was made. According to the 1994/95 hospital classification of the NSW Department of Health 14 metropolitan hospitals are the hospitals located in metropolitan areas with a population of 100 000 or greater (in NSW these reflect the Statistical Districts of Sydney, Newcastle and Wollongong). These hospitals include referral hospitals with referral and teaching services and District Metropolitan hospitals. Nonmetropolitan hospitals include District NonMetropolitan hospitals, which provide health care services to their local population, and Major Non-Metropolitan Referral hospitals, which function as referral hospitals for defined catchment populations outside metropolitan areas. The random sampling method of the Acute Cardiac Care Project selected 19 of 34 metropolitan and 28 of 49 non-metropolitan hospitals in NSW. This sample represents 57% of the hospitals in each hospital type and therefore our results could be generalised to compare mortality rates after AMI between the two hospital types.
The selection of variables may influence the interpretation of diVerences in outcome between hospital types, therefore there is a need to adjust for the variables that contribute to hospital death, and particularly for any diVerence in disease severity. An ideal risk adjustment for severity might not exist, because of unmeasured factors in disease severity, 19 although a number of severity adjustment models have been used in previous studies. 7 9 16 Keeler et al 20 have suggested that a small set of clinical variables could explain a substantial amount of variance in death rates. In our study we adjusted for all measures of severity for which we had data. In the Medicare Mortality Prediction Study, 17 the best predictors of mortality were age, mean arterial blood pressure, sub-endocardial infarction within 72 hours of admission, pulmonary vascular congestion and serum urea nitrogen level. In the study by Normand et al, 16 the four largest contributors to explain 30 day mortality rate were mean arterial blood pressure, age, respiratory rate and serum urea nitrogen level. A prognostic index for AMI created by Dubois et al In an attempt to explain the variation in mortality between the two hospital types, the use of cardiac medications needs to be discussed. Our study found that the use of eVective cardiac medications was diVerent between metropolitan and non-metropolitan hospitals, a finding consistent with the results of the study by Lim et al. 13 The addition of the treatment variables into the model resulted in the diVerence between outcome in metropolitan and non-metropolitan hospitals being reduced, suggesting that the use of these medications contributed to the diVerence in mortality between hospital types. Although the use of thrombolysis appeared lower in metropolitan than non-metropolitan hospitals, this was not statistically significant and we have separately shown that when adjustment is made for acknowledged indications for thrombolysis, the metropolitan/non-metropolitan rates of use are identical (D'Este et al, in preparation).
A previous study conducted in Illinois (USA) 8 found similar results with a higher inhospital mortality in rural hospitals compared with that in urban hospitals. Another study 10 showed that cardiologists were more likely than generalists to use medications that have been shown to improve survival after AMI, and that better outcomes were achieved by cardiologists. In Australia, cardiologists are mainly in metropolitan hospitals, and a greater use of medications of proved benefit has been reported. 13 This factor might be reflected by the less use of eVective medications in non-metropolitan hospitals in our study, partly contributing to the diVerence in hospital mortality between non-metropolitan and metropolitan hospitals. In addition, a recent study by Thiemann et al 22 has reported high volume hospitals had lower mortality after AMI than low volume hospitals. We have not analysed data on this factor, but metropolitan hospitals certainly do have more beds than nonmetropolitan hospitals.
In our study, 233 patients were transferred in from other hospitals. As the majority were transferred within their final metropolitan or non-metropolitan category, the hypothesis relating to diVerences in outcome according to whether they were admitted to a metropolitan hospital or not is best tested by including them in the analysis. These transferred in patients were more likely to have anterior infarction and cardiac arrest and had lower systolic blood pressure on admission, but they were younger, and more likely to be male. In addition, those transferred in to metropolitan and nonmetropolitan hospitals were very diVerentparticularly in their mortality rates. It is likely that the reason for transfer in non-metropolitan hospitals was that these patients were at the more severe end of the disease spectrum, with the opposite being the case among metropolitan hospital transfers.
As in any retrospective study, our study is limited by the availability of data-some factors considered as good predictors were not available in our dataset.
In conclusion, this study demonstrated marked lower seven day mortality among patients with AMI in metropolitan hospitals compared with those in non-metropolitan hospitals in NSW, Australia, after adjustment for patient severity. This variation seems to be partly explained by the diVerence in the use of eVective cardiac medications between the two hospital types.
